Abstract. The main intrest of this study was to investigate the phenomenon of collective intelligence in an anonymous virtual environment developed for this purpose. In particular, we were interested in studing how dividing a fixed community in different group size, which, in different phases of the experiment, works to solve tasks of different complexity, influences the social problem solving process. The experiments, which have involved 216 university students, showed that the cooperative behaviour is stronger in small groups facing complex tasks: the cooperation probability negatively correlated with both the group size and easiness of task. Individuals seem to activate a collective intelligence heuristics when the problem is too complex. Some psychosocial variables were considered in order to check how they affect the cooperative behaviour of participants, but they do not seem to have a significant impact on individual cooperation probability, supporting the idea that a partial de-individualization operates in virtual environments.
Introduction
During their life, people gradually learn to solve problems of increasing complexity. This ontogenetical evolution was made possible by the corresponding phylogenetic development of species, thanks to which humans have developed the skills to individually learn and to share the knowledge gained [1] . The ability to solve problems in a natural and social environment [3] is know as social problem-solving and it made possible to first humans to confront gradually more complex tasks [4] . All human beings owned the ability to coordinate their activities with that of others in order to solve problems [5] . This can be a results of the role played by natural selection in the evolution of the social nature in human species [6, 7] . Social Darwinism provides a frame for the study of these arXiv:1609.04664v1 [cs.SI] 15 Sep 2016 capacity, not only from a neurophysiology view but also in relation of cognitives activities that underline social-problem solving capabilities [1] .
Collective intelligence, is a method of social problem-solving and can be defined as the capacity that a group has to show an intelligence greater than the single members of the group [2] . This capacity is owned by all social species [8] and stabilized evolutionarily as adaptive. Peoples usually turns to groups when they have to solve complex problems because they have better decisionmaking skills than single individuals since groups can process a larger amount of information, faster and more thoroughly.
Collective intelligence is also a social kind of intelligence because it emerges from cooperative and competitive behaviours [9] acted by members of groups in order to solve a problem [8] . Smith [10] argued that individuals forms collaborative groups because alone they are not able to solve problems perceived as too complex. This could happens either because the single has not all the knowledge and ability needed to solve a task, or because its resolution by a single individual would require him too much time [10] . Given the effectiveness of collective intelligence, one of the most interesting challenges of our time consist in finding a method able to involve all the members of a community in the resolution of common problems and in the generation of innovative ideas.
This process of mass involvement consists in an application of the Collective Intelligence [12, 13] and take the name of Crowdsourcing [14, 15] . Crowdsourcing demonstrated to be a distributed method of problem-solving [16] extremely effective for a large variety of tasks [17] . It is a web based business model, able to gets more out of creative solution generated by a network of individuals through an open calls for proposals [14] . For Brown and Lauder at the base of Crowdsourcing there is the idea that a group can express an ability in information processing and problem-solving greater than each single member of the group taken alone. This is true especially when the members of the group can strongly interact with each other, and as regards human community, this became possible thanks the diffusion of the latest informatics communication systems like the Internet and, more in general, the World Wide Web [18] .
The outdated concept that saw in the single individual the only source of innovation was replaced by a conception that favours a multidisciplinary approach and a collective problem-solving. Three are the dominant ideas: distributed, plural and collaborative [19] . In his book, The Wisdom of Crowds, Surowiecki examined several cases in which the solution of a problem depended drastically from the appearing of a vast group of solvers [20] . On the base of this empirical investigations the author concluded that groups can be remarkably intelligent even more their most intelligent member, under appropriate conditions. This wisdom does not depends from the mean of solution proposed by all the members of the group, but by their aggregation and interaction. The web offers the perfect technology able to aggregate millions of people from all over the world, millions of different ideas able to offer intelligent voting system, without disadvantages that came from the excessive communication and the compromise [20] . It is necessary underline that the web is a tool who facilitate the application of this kind of intelligence which already existed before the development of such technologies [20] , whatever is the classification that used: success obtained by the application of a distributed intelligence, or the amplification of it [21] , or wisdom of crowd [20] , or community innovation [22] .
Despite of advantages of Crowdsourcing, and Collective Intelligence their true nature still remains elusive. Its knowledge would reveal the basis of their efficacy [23, 24] . Huge efforts have been made in order to develop computational and experimental models of social collective behaviour. The standard framework to study the emergency of cooperation in groups interaction environments is the Game Theory, in particular through the use of Public Goods Games and the Prisoner's Dilemma (one-shot or iterated) [25] . Several computational model about the study of decision making in collective behaviour are been created taking into account the size of group. These models showed as cooperative behaviour tends to decrees with the increases of the number of person part of the group [26, 27] . An example of recently computational model that, in addition to the dimension of the group, considered also the complexity of the task, has been proposed by Guazzini et al. [1] . It links the Crowdsourcing precess to collective problem-solving. This model was implement both at a computational level, in a evolutionary stochastic system, and at an analytical one, thanks to statistical physics methods. In this study, the authors studied the behaviour of a community composed by 100 virtual agents, that in several different simulations faced the resolution of problems of different complexity divided into groups of different numerosity. The individuals were modelled as perfectly rational agents. The results showed that the maximum fitness was obtained in the condition in which the entire population is divided into two groups of equal size. The cooperation among agents was found to increase with decreasing group size and task difficulty.
The aim of the present study is to test these results with real people, trying to estimate how group size and difficulty of a problem would influence the behaviour of population involved in the resolution of a task. Moreover, the possible implication of psychosocial variables in cooperative behaviours was controlled. To achieve this goal, a multiplayer online game, the Crowdsourcing Game, was developed. In this game, 12 anonymous participants interacted online. Findings, as demonstrated also by mathematical simulations, show that cooperation is more profitable when participants work together to solve simple tasks. The results show also that, unlike rational virtual agents, human beings tend to to increase their cooperative behaviour with the increasing difficulty of the task. In psychology the simple, efficient, but not always rational rules that people use to take quick decisions are denoted with the term heuristics. They are mental shortcuts that usually involve focusing on one aspect of a problem ignoring others [28] .
The present research suggests the existence of a Collective Intelligence heuristics, which promotes cooperation every time people face problems perceived too complex to be solved at the individual level.
Furthermore, according with the SIDE model, this work hypnotize that psychosocial variables of players does not influence in a determinant way their behaviour. The Social Identity Model of Deindividuation Effects (SIDE model) explained how, in condition of computer-mediated communication (CMC), people tend to switch between the salience attributed to their own personal to the social identity [29] . The SIDE model affirms that, through a deindividuation process, people tend to esteem as less salient their own personal identity in favour of an increment of the salience in the importance attributed to the social identity. This could lead to a minimization of differences perceived inside the in-group and the demonstration of behaviours more influenced by social norms who characterize that specific situation [30] . Moreover, the SIDE model said that when the context involves actors as individuals, their personal identity becomes relevant; when the context emphasizes the social identity, actors mostly observe rules associated with the reference group [31, 32] . Thus, the CMC modality of interactions could influence the expression of cooperative and altruistic behaviours, if a social norm that encourages such conduct is present in the virtual group.
Participants
For the realization of the experiments were recruited 216 participant (150 females, 66 males) aged between 19 and 51 years. The highest level of education achieved by the eighty percent of participants (N=173) is the high school diploma. The sample was manly composed by singles (48%) part of at least 3 real social community (M=3.1; D.S.=1.34) and members of at least one social network (M=1.9; D.S.=1). The recruitment occurred through voluntary census within students and trainees of the School of Psychology and that of Engineering in the University of Florence. Participants were recruited personally by researchers out of the classrooms. To all those who accepted to participate was asked to leave a contact, which was subsequently used in order to inform them of the location and date of the experimental session to which they were assigned. Total anonymity in data processing was guaranteed.
Methods ad Procedures
A multiplayer online game, based on the work of Guazzini et al. [1] exposed above, was developed with the intention to investigate cooperation and competition dynamics in a Crowdsourcing context. To control the possible effect of psychosocial variables in game's behaviour, to participants of the experiments were asked to fill an online preliminary survey composed by a battery of selfreported socio-demographic and psychological questionnaires.
Materials
The survey was composed by two sections. The first section required to provide information about gender, age, number and members of household, education level, marital status, number and kind of community membership, number and kind of social network used. With the second section are been collected data about personality, honesty, state anxiety, self-efficacy and sense of community of participants, through appropriate psychological validate scales. Specifically, players completed the following scales:
• The Five Factor Adjective Short Test (5-FasT) [33] a personality inventory, used in this work to verify the possible relation between personality factors and the performance obtained in the game.This test consists of five sub-scales each measuring one of the following specific personality trait: Nevroticism, Surgency, Agreebleness, Surgency, Closeness and Conscientiousness.
• The Italian adaptation of Honesty-Humility scale part of the HEXACO personality inventory [34] , used to understand if cooperative behaviours could be influenced by the degree of honesty that characterize the person who acts in that way.
• The Italian Adaptation of the State-Trait Anxiety Inventory (STAI) [35] , used to verify the existence of a relation between the anxiety of a participant at the moment of playing and his tendency to cooperate.
• The Italian adaptation of General Self-Efficacy Scale [36] , used to control the role of self-efficacy in decision-making process • The Italian adaptation of Social Community scale part of the Classroom and School Community Inventory [37] , used to understand if the cooperative behaviour is related to the degree of membership perceived by a player with the anonymous group in which he was insert. To perform the experiments and verify the hypotheses of the research, this work foresaw the realization of an online game software that was named Crowdsourcing Game. The game was developed through Google Apps, a free online service platform, using the Google Script programming language based mainly on JavaSript. In Figure 1 is showed the user interface of the game.
Software

The Crowdsourcing Game's Architecture
Each experimental session involved a N population of 12 players, wich, in four different phases of the match, called epochs, worked divided in n groups of equal numerosity S. The following four different group size have been examined S = 1, 3, 6 and 12, dividing respectively the population in 12, 4, 2 and 1 groups. Each experimental session was composed by two match during wich the resolution of a same task, with simplicity quantified by a value R, was assigned to the population. R would assume one of the following values: 0.1, 0.3, 0.5 or 0.9 (R closer to 1 indicates the simplest tasks).
An epoch was composed by 11 rounds where players had to choose either to cooperate or compete with their membership group. Through this choice players could set their expected pay-off. For a cooperator it was set always to miminum value, but the probability of win was fixed at maximum value (R). When a cooperator won, he had to share his gain with all others members of his group, but his expected pay-off was summed to the bonus of his group. The bonus group (group score) increased of one unit, for the next round, every time that in an epoch a cooperator won. Even if more than one cooperator part of same group won, the bonus group would increases of only one unit. Tus, the gain for a winning cooperator was equal to (expected-gain + bonus group)/n. Instead, competitors could choose their expected pay-off from 1 to 10 units, but increasing this latter they decreased the probability of win. Anyway, a competitor did not had to share his gain with any members of the groups and, furthermore, if a member of his group wins cooperating, he receives the shared winnings of all cooperators. Once a player made his choice, the system randomly generated a number between 0 and 1 and compared it with the probability chosen by the player. If the number generated is less than the probability chosen by the player, the exit is a victory for him, otherwise the player looses the round. For every players the goal of the game was to win each epoch individually or at least to not ending in one of the last three positions. No time limit was set for players to make their choice. After 11 rounds the scores were reset to 0 and the size of groups changed.
A total of 18 experiments were performed, in which each participants played two match of the game. All experiments were designed to have a match in which the maximum probability was set to 0.9 and the other match with the maximum probability set to 0.1 or 0.3 or 0.5. The presentation order between the two match was randomized to obtain an equal number of experiments in which the match set to 0.9 preceded or followed the other ones.
The following experimental conditions were obtained:
• 2 experiments in which the session set to 0.9 preceded the session set to 0.1 • 2 experiments in which the session set to 0.9 followed the session set to 0.1 • 3 experiments in which the session set to 0.9 preceded the session set to 0.3
• 3 experiments in which the session set to 0.9 followed the session set to 0.3 • 4 experiments in which the session set to 0.9 preceded the session set to 0.5
• 4 experiments in which the session set to 0.9 followed the session set to 0.5
Settings
The experiments were conducted within the School of Psychology and the School of Engineering of Florence, in their respective computer labs. Prior to the experimental phase researchers made a series of beta-test for the approximate evaluation of the timing for carrying out an experiment. First, participants completed the preliminary survey. Than, the researchers provided them a detailed description of the rules of the game. Finally, players completed two full sessions of the game. Each experiment lasted approximately an hour and forty-five minutes.
Data Analysis
To evaluate delineated hypotheses, the experimental log files have been exploited defining three observables as order parameters (i.e. dependent variables). Such variables are the average probability to cooperate of players, the individual score and the group score gained by the participants in each epoch of the game. The control parameters considered in this work (i.e. independent variable) were represented by the size of the groups in which the population was divided,the difficulties of problems asked to being solved and the psychosocial variables collected. Such empirical dimensions are been preprocessed assessing the consistency of the statistical properties required to run the inferential analysis (i.e. distributions' skewness and kurtosis, homogeneity of the examined variances). The analysis of variance method (i.e. ANOVA) was used to analyse the order parameters to reveal statistically significant differences between and among the experimental conditions.
Results
The experiments show that the average probability of cooperation decreased with the increase of the size of the groups in which is divided the population of participants, while it increases with the increase of difficulty of the problem. The highest probability to cooperate was seen in small groups who face complex tasks, while the lowest in large groups that address simple tasks. The individual score increased with increasing the simplicity of the problem. Moreover, is important to note that a maximum of individual gain, in each condition of difficulty, was observed when the population was divided into two groups of equal numerosity. The group score (bonus group) increases as a function of group size and tend to increment with the increase of the simplicity of the problem. There is a maximum-gain point in the situation in which the population is divided into two groups of equal size and the difficulty of the task is 0.5. 
Regression models
In order to predict the individual ad group score of the players in the Crowdsourcing Game and their tendency to cooperate related to psychosocial variables, three linear regression models have been produced. The linear regression model presented for the individual score explains the 61% of the variance and can be summarized as follows, 0.038(Surgency) + 0.784(Simplicity of the problem) + ε(error).
At the end of each epoch of the game, both energy of players and simplicity of the task resulted significant predictors of the final score of a single participant. The linear regression model presented for the group score explains the 32% of the variance and can be summarized as follows, 0.045(Hexaco Honesty) + 0.493(Group Size) + 0.267(Simplicity of the problem) + ε(error).
Honesty of a players, the size of the groups in which the population is divided and the simplicity of the problem faced are significant predictor of the score reached by a group at the and of each epoch. The linear regression model presented for the cooperation probability explains the 23% of the variance and can be summarized as follows, The level of neuroticism of each player, his energy, his conscientiousness, his honesty, the anxiety perceived by him at the moment of the game, his sense of community, the size of the group in which he is insert and the simplicity of the problem to solve are all significant predictors of the probability to cooperate of a player.
Discussion
The research presented in this paper attempted to explore collective dynamics involved in Crowdsourcing contexts using an anonymous online community. To do this the computational model of Crowdsourcing, developed by Guazzini et al. [1] , was tested with people. The role of groups size, of problem difficulty and of psychosocial variables in cooperative an competitive behaviours was evaluated. First of all, findings showed how people cooperated greatly when faced with problems characterized for their high difficulty of resolution, acting in an irrational way respect virtual agents of the model. The higher trend for cooperation was observed for small groups involved in the resolution of complex tasks. This exhibition of a collective behaviour in solving difficult problems also in an environment who encouraged competitive actions (how showed in the theoretical simulation of the model) could be seen as the manifestation of a Collective Intelligence Heuristic owned by human beings. Such heuristic could unconsciously bring people to look for a collective action when abilities to solve a task or resources needed to deal with a problem are perceived to be higher than those of the individual. Secondarily, a maximum gain for what concern both individual and group score achieved by participants was observed in the condition which the population was divided into two different competing groups of equal numerosity. In particular, the maximum peak of gain for the group score appeared in the situation in which players were divided into two groups of same size and tried to solve an uncertain problem (i.e. probability being solved=0.5). Finally, the psychosocial variable of participants, controlled to verify their role in shaping behaviour, during the experiments are found have a minor and not so relevant impact than other control parameters. This suggested that in anonymous Crowdsourcing dynamics subjective difference can be omitted to predict the cooperative behaviour of participants of the community.
The main limitation of the study can be found in the sample. Indeed, it was composed mostly by young university students and, for this reason, it was not rappresenative of the popuation. Moreover, it was not possible to equaliz it for gender. Also, because of the narrowness of the sample, it was not possible to execute the same number of trials for each difficulty level. Another limitation is constituted by the self report nature of the survey used to collect information about psychosocial variables.
The present research gives a baseline framework for the study of Crowdsourcing dynamics providing some evidence about possible ergonomic variables to keep in consideration in the view of enhancing cooperative, collaborative and collective behaviour. This can improves the efficiency of platform and service that already use this method of problem-solving [38, 39, 40, 41, 42, 43] . These findings shown that presenting a problem perceived as challenging to a working community dived into two groups of equal numerosity, it's possible promote the cooperative trend of the members.
